Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 Meeting #125bis	R2-2403042
Changsha, China, April 15th – 19th, 2024

Agenda Item:	8.9.3
Source: 	CATT
Title: 	On signalling overhead reduction for EDT in IoT NTN
Document for: 	Discussion and Decision
[bookmark: _Ref35586532]Introduction
According to the latest WID in [1], one of the objectives is the signaling overhead reduction for EDT in IoT NTN:
	· Support of Capacity enhancements for uplink

· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2, RAN4]

· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed

Note: Impact of impairment shall be taken into account


· [bookmark: OLE_LINK26][bookmark: OLE_LINK14]Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR) 
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete


In the document, we analyze the enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction. Our observations and proposals are provided.
Discussion
Based on the objective, mainly two aspects are involved:
· UL transmission: Msg3 transmission without msg1/RAR;
· DL transmission: Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete
In the following, we discuss these two aspects respectively.
Msg3 transmission without msg1/RAR
2.1.1	Introduction of a PUR with shared resource 
Dating back to discussion on this WI scope in RAN plenary, the motivation to have such an objective is that some companies think that the msg1/RAR signaling overhead in current EDT mechanism may be one bottleneck for the capacity in IoT NTN, but also have concerns to directly rely on the current PUR mechanism to overcome this overhead concerns due to the resource inefficiency. Therefore, this objective actually tries to pursue some forms of trade-off between resource efficiency and signaling overhead, on top of current EDT/PUR mechanism.
Observation 0: The motivation of the objective of msg1/RAR signaling overhead reduction is to pursue some forms of trade-off between resource efficiency and singalling overhead based on current EDT/PUR mechanism in IoT NTN.
In Rel-16 PUR, the UE is allowed to perform one uplink transmission from RRC_IDLE without performing the random access procedure. In this scheme, the UE can be assigned with dedicated PUR configuration including at least:
-	PUR resource for the UE to perform UL transmission;
-	PUR-RNTI;
-	pur-TimeAlignmentTimer to indicate the idle mode TA timer for PUR TA validation;
-	pur-RSRP-ChangeThreshold to indicate the threshold(s) of change in serving cell RSRP in dB for TA validation;
Even though the PUR can be configured based on the UE preference on the requested resource (e.g. No. of occurences, periodicity, time offset, TBS, RRC Ack, etc.), it may happen that some of the PUR occasions may be skipped by various reasons, e.g. traffic pattern change. This brings waste of the UL resources and degrades the performance of UL capacity.
Observation 1: Legacy PUR applies dedicated resources to each UE, and this can cause resource inefficiency (e.g. skipping transmission opportunities by some UEs), even with lower signaling overhead for each time of data transmission than EDT.
To this end, it is possible to consider a PUR with shared resource mechanism, which on the one hand still follows legacy PUR to avoid performing RACH for each time of data transmission and on the other hand allows the UE to share each PUR transmission occasion. In this case, multiple UEs are allowed to be configured with overlapping/same PUR resource. In this case, the utilization rate of PUR resource is increased.
Proposal 1: RAN2 confirms to study and support PUR with shared resource where a PUR resource can be configured to and shared by a set of UEs.
2.1.2	Potentials issues for PUR with shared resource
One aspect for PUR with shared resource is how its configuration looks like. For legacy PUR, the UE could send PUR configuration request in RRC_CONNECTED if PUR is enabled in the cell. The PUR configuration request may include information about the requested resource. When the (ng-)eNB moves the UE to RRC_IDLE, it may configure a PUR resource to the UE based on the PUR configuration request, subscription information and/or local policies. The PUR configuration is sent to the UE via the RRCConnectionRelease message. This dedicated signaling based PUR configuration is logically align with the dedicated PUR resource configuration as in the legacy. 
If a PUR with shared resource is supported, there can be two candidate options to signal send the PUR configuration:
· [Option 1]: dedicated signaling based PUR configuration with shared resource;
For option 1, the network can assign the PUR resources and perform the grouping of UE based on each UE's PUR configuration request, which is similar to legacy way of PUR request and configuration. However, one aspect that may need further consideration is that the per-UE PUR configuration based signaling may only be valid in the cell where the configuration was received [2], and it seems hard for an RRC_IDLE UE to directly resume using this UE-specific PUR configuration after cell reselection to another cell. If this is the case, the UE, after reselecting to a new serving cell, has to enter RRC_CONNECTED state again to request the PUR configuraiotn. Considering that the motivation to introduce PUR with shared resource is to save overhead but the PUR request itself still leads to non-trivial signalling overhead (e.g.signalling overhead for RRC state transition), RAN2 may consider whether such signalling overhead resulting from PUR request is acceptable or not for this option PUR configuration request during cell reselection.
Observation 2: RRC_IDLE UE may need to enter RRC_CONNECTED and perform PUR configuration request each time it reselects to another cell, if the PUR configuration is sent to the UE via dedicated signaling. This leads to extra signaling overhead.
Compared with legacy PUR, it is likely that the number of retransmission increases, considering the collision may happen among multiple UEs. Since PUR-RNTI can be sent to the UE via dedicated signaling, UE could monitor the PDCCH addressed to PUR-RNTI while pur-ResponseWindowTimer is running. But it may still happen that the UE does not receive any scheduling from the network due to the fact that the network does not detect the transmision for the UE. So, some enhancements may needed to handle this issue which is related to how to do the collision avoidance or contention resolution among different UEs using the shared PUR transmission oppurtunities.
Observation 3: For PUR with shared resource, the UE may not receive any PDCCH addressing its PUR-RNTI during on-going PUR, considering the high probalibity of transmission collision if the PUR configuration is sent to the UE via dedicated signaling.
· [Option 2]: Broadcast signaling based PUR configuration with shared resource;
In option 2, the shared PUR resources can be signalling in the system information. And the UE which is capable of PUR with shared resource can perfrom UL transmission via the shared PUR resources when the applicable uplink data arrives.This option can aviod the UE to request new PUR resource upon cell reselection. Whether the broadcast PUR configuration could be used after cell reselction depends on whether the configuration is cell level configuration or area configuration.
However, one additional aspect for option 2 is that since the configuration is broadcast in system information, the UE number using the same PUR resources is unpredictable. Therefore, high propoability collision may happen. Then, how to deal with the collision requires further study. Besides, the TA may be not valid when the UE reselects to one new cell. Hence, how to maintain the TA needs to be discussed in this option. Another issue is that since the RNTI is not assigned to the UE separately, the retransmision procedure should also be clearly specified.
Observation 4: For PUR with shared resource, if the PUR configuration is signalled via broadcast signalling, the following issues may need to be discussed in further RAN2 study:
· How to handle the collision issue;
· How to maintain the TA;
· How to perform retransmission.
Therefore, RAN2 may study and conclude the how PUR with shared resource mechanism works w.r.t. configuration aspects, taking into account the technical issues that needs to be solved for each option respectively.
Proposal 2: RAN2 studies and concludes the configuration aspects for PUR with shared resource, i.e., via dedicated signaling or broadcast signaling, taking into account related technical issues that needs to be solved for each option (e.g. collision avoidance/contention resolution, TA maintenance, retransmission aspects, etc.).
Efficient delivery of msg4/RRCEarlyDataComplete
In the context of PUR with shared resource, we in the following dicsuss in which case the msg4/RRCEarlydataComplete of the legacy PUR can be reduced. In legacy PUR, the network could feedback the UE to complete PUR via the following schemes.
Transmission using PUR for the Control Plane CIoT EPS/5GS Optimisations
· Layer 1 ACK (Time advance adjustment);
· TA Command MAC CE;
· RRCEarlyDataComplete with dedicatedInfoNas, TA command;
Transmission using PUR for the User Plane CIoT EPS/5GC Optimisations
· EPS: RRCConnectionRelease (Release cause, ResumeID, NCC, Downlink data + TA command)
· 5GC: RRCConnectionRelease (Release cause, I-RNTI, NCC, Downlink data + TA command)
Generally, the TA related indication, e.g. TA adjuestment, TA command, is specific for the UE. And the downlink data for the UE should also be transferred to the UE via unicast mechanism. So, it is unclear the use cases left to further enhancements for efficient deilivery.
For the contents in RRCEarlyDataComplete and RRCConnectionRelease, since they can optionally present. We think there is no need for enhancements.
Therefore, we are not sure in which case the msg4/RRCEarlyDataComplete can be reduced, and how this objective in the WID actually motivates. We therefore respectfully ask RAN2 to clarify the use case/motivation first for this objective, before discussing/studying any techinical details.
Proposal 3: RAN2 clarifies in what use case msg4/RRCEarlyDataComplete can be reduced, for the objective " Efficient delivery (reduced overhead) of msg4/RRCEarlyDataComplete" in the WID.
Conclusion
In this document, we analyse the enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction, and the following observations and proposals are provided:
Observation 0: The motivation of the objective of msg1/RAR signaling overhead reduction is to pursue some forms of trade-off between resource efficiency and singalling overhead based on current EDT/PUR mechanism in IoT NTN.
Observation 1: Legacy PUR applies dedicated resources to each UE, and this can cause resource inefficiency (e.g. skipping transmission opportunities by some UEs), even with lower signaling overhead for each time of data transmission than EDT.
Observation 2: RRC_IDLE UE may need to enter RRC_CONNECTED and perform PUR configuration request each time it reselects to another cell, if the PUR configuration is sent to the UE via dedicated signaling. This leads to extra signaling overhead.
Observation 3: For PUR with shared resource, the UE may not receive any PDCCH addressing its PUR-RNTI during on-going PUR, considering the high probalibity of transmission collision if the PUR configuration is sent to the UE via dedicated signaling.
Observation 4: For PUR with shared resource, if the PUR configuration is signalled via broadcast signalling, the following issues may need to be discussed in further RAN2 study:
· How to handle the collision issue;
· How to maintain the TA;
· How to perform retransmission.
Proposal 1: RAN2 confirms to study and support PUR with shared resource where a PUR resource can be configured to and shared by a set of UEs.
[bookmark: _GoBack]Proposal 2: RAN2 studies and concludes the configuration aspects for PUR with shared resource, i.e., via dedicated signaling or broadcast signaling, taking into account related technical issues that needs to be solved for each option (e.g. collision avoidance/contention resolution, TA maintenance, retransmission aspects, etc.).
Proposal 3: RAN2 clarifies in what use case msg4/RRCEarlyDataComplete can be reduced, for the objective " Efficient delivery (reduced overhead) of msg4/RRCEarlyDataComplete" in the WID.
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